The form of the vomer and the distribution of vomerine teeth have been used to indicate interrelationship of genera in the Osmeridae.
But, the variations of vomer and vomerine teeth with size have not been sufficiently cleared until now. Komada (1980)1) reported on the mouth shape and the distribution of teeth in young and adult smelt, Hypomesus transpacificus nipponensis. This paper reports and describes the form of vomer and the distribution of vomerine teeth in juvenile, yound and adult smelt.
Materials and Methods
In 1970, 13 juvenile smelt, Hypomesus transpacificus nipponensis, 25-39 mm in standard length (SL), and 39 young smelt, 40-70 mm SL, were collected from Junsainuma, Hokkaido, with trap net.
From June to November in 1978 and 1979, 63 young and 34 adult smelt, 70-90 mm SL, were collected from Lake Ijira, Gifu Prefecture, with cast net. Ten juvenile smelt were collected from Okushibetsu River, Hokkaido, in August 1980. All specimens were stained with a 1.0 % KOH solution of 0.1 % alizarin red S. The length and width of the vomer and the number and length of vomerine teeth in these stained specimens were measured and counted under a microscope (Fig. 1) .
Results
The vomer is unpaired, T-shaped and divided into an anterior part and posterior shaft and the anterior part is thicker than the shaft (Fig. 2) . Stained samples indicate that the teeth are ankylosed to the vomer. And, in adult smelt 80 mm SL, tooth germs appear on the vomer. In juvenile fish, the vomer bears one row of 4-10 conical teeth. In 92 fish (90 %) of 102 young fish, the vomer bears two rows of 7-8 teeth, but in 10 young (10 %) and 10 adult fish (29%) the middle part of the vomer lacks a row of teeth. The shaft, with no teeth, lodges in the con cave cavity of the anterior part of the parasphenoid.
The length and width of the vomer increase proportionally with growth of the fish from juvenile to the adult stage. The length of vomer in adult smelt 85 mm SL is about 2.7 times as large as that in young smelt 42 mm SL and the width of the former is about 1.8 times as large as that of the latter (Fig. 3) . Furthermore, the length of the vomer in 50 mm SL fish from Junsainuma range from 0.6 mm to 1.4 mm.
The number of vomerine teeth in young fish collected from Junsainuma is 2.0 times as large as that in juvenile fish. There is no significant difference between the number in young smelt and in adult smelt from Lake Ijira (t-test, p>0.05) (Fig. 4) . The average length of teeth in adult fish 85 mm SL is about 2.0 times as large as that in young 45 mm SL fish.
Four specimens (4 %) of 97 smelt collected from Lake Ijira show that minor anomalies include a shortened vomer. The defective vomers show a poorly developed anterior part, absence of shaft and lack of conical teeth on it (Fig. 5) . The length of defective vomers is reduced as much as 6 %, and these bones bear a single row of 4-6 conical teeth. There is no difference between the length of teeth on defective vomers and that on normal bones (t-test, P>0.05).
The number of palatine teeth in deformed fish is half that in normal fish.
One fish (1.9 %) in 52 fish collected from Junsainuma shows a twisted lower and upper jaw. The deformed fish is 51 mm SL, and shows a twisted lower jaw, curved glossohyal and premaxillary and lack of teeth on one palatine.
In this abnormal fish, the length and width of the vomer is normal and the bones bear a single row of 8 teeth.
One fish (1.9 %) in 52 fish from Junsainuma shows an abnormal skull. The defective fish is 67 mm SL. The smelt has a twisted lower jaw and curvature of the pre-. maxillary, maxillary, parasphenoid and metapterygoid.
The prominent difference from a normal skull is the absence of one palatine and palatine teeth.
The morphology of the vomer is abnormal and bears 17 teeth on it. Furthermore, the hyobranchial skeleton is curved to the right. Two specimens (4 %) in 52 smelt collected from Junsainuma in 1970 show curvatures of the lower and upper jaws. In one deformed smelt (67 mm SL), the morphology of the vomer appears abnormal and one palatine is missing. '' has reported that one abnormal ayu, Plecoglossus altivelis, with a twisted lower jaw (0.02 %) was found among 5327 ayu from the Yahagi River. Yet no defect appeared in 285 ayu from the Yahagi River and in 308 ayu from Lake Biwa (Komada, 1980)5'. The frequency of abnormalities in dentition and the vomer and the twisted lower jaw in the smelt from Lake Ijira and from Junsainuma are significantly higher than those of ayu in nature.
These results may suggest that the form of the vomer and the distribution of vemerine teeth in smelt are affected considerably by environmental conditions during ontogeny.
